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Transfusions (Tx) of Ultraviolet B (UVB)-irradiated 
peripheral blood mononuclear leukocytes (MNL) have been 
shown to induce humoral immune tolerance to major 

histocompatability complex (MHC) antigens (Blood 88:4375, _ ^ _ 
1 Q96^ To determine whether cellular immune tolerance to 
MHC^gets can be induced by .he same approach, transplantation of bone marrow and sp een 
^mtleran, donors across the H-2 barrier was conducted to study ,s effect on prevent on 
of « ft-versus-host disease (GVHD). After unmune tolerance induction by four weeUy T X of 
Unirradiated BALB/c (H-2<) peripheral Mood MNL into CBA/HT6 (H-2*) nuce bone 
mTow ceils (BMC) and spleen MNL from tolerant or naive CBA m,ce were transplanted mto 
tehaUy irradiated BALB/cmice. The transplanted mice were foHowed by — g body 
weight peripheral leukocyte counts, GVHD, survival, and cytokine response. All BALB/c 
recipe mice were ft* engrafted ™th H-2* CBA donor cells after «-P~ The 
severity of GVHD was significantly attenuated in BALB/c nuce transplanted ««h BMC and 
spleen MNL from tolerant CBA donor mice. The recovery of penpheral leukocyte and 
ymplcyte counts were faster and more complete ,» mice transplanted ™.h ce Is from the 
Zan, Lots. The serum cytokine profile after transplant on with tolerant donor ceUs 
showed increased interleukin-4 and reduced gamma interferon that are consent w.th a 
polarized Th2 response. The results pooled from three separate experiments showed that 
BALB/c mice transplanted with 5 * 10 6 BMC and 4 * 10 5 spleen MNL from tolerant CBA 
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donors had better overall survival than the control group (72% v 17%, P = .018). The findings 
show that transplantation with bone marrow and spleen cells from tolerant H-2 disparate donor 
mice is associated with significant attenuation of GVHD and better outcomes. The results also 
support that transfusions of UVB -irradiated leukocytes may induce cellular immune tolerance. 
© 1999 by The American Society of Hematology. 

IN SPITE OF THE WIDESPREAD use of allogeneic bone 
marrow transplant (BMT) in the treatment of various 
malignant and nonmalignant conditions, graft-versus-host 
disease (GVHD) continues to be a serious complication after 
allogeneic BMT. GVHD, whether acute or chronic, has been 
shown to occur in 30% to 60% of patients receiving histocompatible sibling-matched allogeneic 
BMT. 1 Mortality attributed to GVHD has been reported in up to 50% of cases. 2 ^ The severity 
of GVHD is related to the degree of difference between hosts and donors across the major 
histocompatibility (MHC) barrier^ and the presence of donor T cells in marrow grafts.— For 
this reason, T-cell depletion from marrow grafts has been successfully applied to prevent 
GVHD. Unfortunately, this approach has been associated with increased incidences of graft 
failure, more severe immunosuppression, and higher relapse rates of original 
malignancies.^ 11 ^ Therefore, developing a method for inducing specific humoral and cellular 
immune tolerance across the MHC barrier offers an attractive alternative approach to prevent or 
attenuate GVHD. 

Irradiation of leukocytes with medium (UVB) or short (UVC) wavelength ultraviolet light has 

been shown to produce various immunomodulatory effects. 1 ^ 1 These effects include inhibition 

15 16 

of stimulator and responder function of leukocytes in mixed leukocyte culture (MLC),— ' 
suppression of cytokine production,— downregulation of cell membrane proteins such as 
class-II MHC antigens— and cell adhesion molecules,— reduced lymphocyte proliferative 
responses to mitogenic lectins, 22 and inhibition of expression of costimulatory signals by antigen 
presenting cells. 21 On the basis of these findings, UVC and UVB have been applied to inactivate 
leukocytes for reducing the immunogenicity of platelet concentrates. 22 ^ Results from these 
studies indicate that transfusions of platelet concentrates irradiated with UVB or UVC could 
induce humoral immune tolerance to allogeneic MHC antigens. However, the induced tolerance 

99 • • 24 

was either incomplete^ or inconsistent — 

To overcome the problems of inconsistency and partial tolerance, we investigated the effect of 
plasma and platelets on tolerance induction by UVB-irradiated leukocytes. Our study showed 
that the presence of plasma and platelets interfered with tolerance induction and that the use of 
highly purified peripheral mononuclear leukocytes (MNL) is critical for consistent induction of 
complete humoral immune tolerance to allogeneic MHC antigens.— However, it is not known 
whether cellular immune tolerance can be induced by the same approach. To answer this 
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question and to explore the potential application of this approach to allogeneic BMT, we 
conducted experiments to determine whether transplantation with bone marrow and spleen cells 
from H-2 disparate tolerant donor mice could prevent or attenuate the GVHD induced by 
allogeneic BMT in a murine model. 
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Animals. Eight-week old CBA/CaH-T6/J (CBA) mice with 
H-2 k MHC haplotype and BALB/cByJ (BALB/c) mice with 
H-2 d MHC haplotype were obtained from Jackson Laboratory 
(Bar Harbor, ME). BALB/c mice were also obtained from 
Harlan Sprague Dawley, Inc (Indianapolis, IN). All mice were 
housed in a temperature-controlled room (25°C) with a 12-hour interval light/dark cycle and fed 
ad libitum. All experiments were approved by the Institutional Animal Care and Use Committee. 

Preparation of UVB-irradiated peripheral mononuclear leukocytes. Peripheral mononuclear 
leukocytes were prepared from freshly collected BALB/c venous blood by differential and 
Ficoll-hypaque density gradient centrifugation as described.^ MNL were suspended in 
phosphate buffered saline (PBS) and their concentrations were determined by hemacytometers 
after staining cells with propidium iodide solution. 22 For irradiation of leukocytes by UVB, a 
Bioslink-UV irradiator (BIOS Corp, New Haven, CT) with a built-in dosimeter was used. The 
dose of UVB irradiation was 1,200 mJ/cm 2 . The irradiation was performed in an open sterile 
polypropylene container. The depth of cell suspension during UVB-irradiation was 1 mm. The 
cell suspensions were mixed manually by moving the tray back and forth during irradiation. 

Induction of immune tolerance. Immune tolerance was induced in CBA mice by four weekly 
intravenous injections of 2 x 10 5 UVB-irradiated BALB/c MNL in 100 uL PBS through a tail 
vein under light anesthesia with inhalation of methoxyflurane (Pitman-Moore Inc, Mundelein, 
IL). Preimmune serum samples were prepared from venous blood that was collected by 
retro-orbital bleeding 2 days before the first transfusion. One week after the last weekly 
transfusion of UVB-irradiated leukocytes, serum samples were collected to assess the 
development of antibodies to donor MHC antigens by flow cytometry as described.- As 
reported previously,^ CBA mice became tolerant, if they did not develop any anti-H2 
antibodies after four weekly transfusions of UVB-irradiated BALB/c MNL. To insure the 
development of tolerance, two transfused CBA mice were randomly selected and challenged 
with two weekly transfusions of 1 * 10 5 untreated BALB/c MNL. We found that none of the 
challenged CBAmice became immunized to H-2 d antigens of BALB/c mice as expected. In 
contrast, all control naive CBA mice developed anti-H-2 d antibody after two transfusion 
challenges. 

BMT. Naive and tolerant CBA mice were used as donors of bone marrow and spleen cells. 
BALB/c mice were used as bone marrow recipients. BMC from CBA mice were prepared by 
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flushing cells out of femurs and tibias using 25-gauge needles and syringes filled with RPMI 
1640 medium as described.^ Spleen MNL were prepared from bone marrow donor mice by 
Ficoll gradient centrifugation.^ Fifty of spleen MNL containing specified numbers of cells 
were mixed with 5 x 10 6 bone marrow cells in a final volume of 200 uL. These cells were 
transplanted through a tail vein into each BALB/c mouse that had been lethally irradiated with 
750 cGy gamma ray 5 to 6 hours before transplantation. The transplanted mice were fed with 
sterilized laboratory chow and acidified water. They were followed for engraftment of donor 
cells by immunofluorescence flow cytometry. Body weight, peripheral total and differential 
white cell count, GVHD, and survival were measured. 

Immunofluorescence flow cytometry for detection of engraftment and characterization of 
fymphocyte subsets. H-2 phenotypes of peripheral blood leukocytes were determined by 
immunofluorescence flow cytometry using fluorescein isothiocyanate (FITC)-labeled anti-H2 
antibody and phycoerythrin (PE)-labeled anti-H2 k antibody. Different subsets of lymphocytes 
including B cells, CD4 + helper T cells, and CD8 + cytotoxic T cells were measured using 
PE-labeled anti-B220, FITC-labeled anti-CD4, and PE-labeled anti-CD8 antibodies. All 
antibodies were purchased from PharMingen Corp (San Diego, CA). Peripheral leukocytes for 
flow-cytometric analysis were prepared by washing 20^L ofwhole blood with 1 mL PBS and 
lysing red cells with 1.5 mL of 0.85% ammonium chloride solution. After lysis of red cells, the 
remaining cells were washed twice with 0.5 mL PBS and resuspended in 100 ^L PBS-0.02% 
azide-0 5% bovine serum albumin (BSA). Fifty uL of washed leukocytes were stained with 
appropriate concentrations of fluorescent antibodies for 30 minutes. After two washes, the cells 
were analyzed using a FACscan flow cytometer (Becton Dickinson, San Jose, CA). 

Enzyme-linked immunoassays (EIA)for interleukin-4 (IL-4) and interferon fi-IFN) For the 
assays plastic wells of a microtiter plate were coated with 50 uL of 5ug/mL antimouse IL-4 or 
v-IFN antibody in PBS-azide overnight at 4°C. The plates were washed three times using 
PBS-azide-0 2% Tween-20 and blocked with 150 uL PBS containing 10% newborn calf serum 
(NCS) for 30 minutes at room temperature. Thereafter, 50 uL of cytokine standards and diluted 
serum samples were added and incubated overnight at 4°C. Serum samples were diluted with 
equal volume of PBS-10% NCS. After overnight incubation, plates were washed and incubated 
sequentially with 50 uL of 5 ug/mL biotinylated anticytokine antibody diluted in 
PBS-Tween-1% BSA, strepavidin-peroxidase (Sigma Co, St Louis, MO), and 
o-phenylenediamine dihydrochloride peroxidase substrate (Sigma Co). Paired anti-TL-4 and anti- 
rlFN antibodies, recombinant murine IL-4 and v-IFN used in the assays were obtained from 
PharMingen (San Diego, CA) and Endogen (Woburn, MA), respectively. The lowest 
concentrations of IL-4 and y-IFN that can be measured by these two assays were 0.2 pg/mL, and 
50 pg/mL, respectively. 

GVHD scoring. A scoring system was devised to grade GVHD in the transplanted mice. Hair 
and skin changes involving the head/neck, abdomen and tail, and changes in anal and perianal 
mucosa were scored according to severity from 0 to 3 as defined in Table l. Mice with a total 
score of less than 3 were regarded as having mild GVHD, >3 to <5 as having moderate GVHD 
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and total score of greater than 5 as severe GVHD. 



View this table: ^ 

[in this window! 
[in a new window] <: 



RESULTS 

+ ABSTRACT 



■i ~i~ 



. INTRODUCTION 
. MATERIALS AND METHODS 
. RESULTS 
^DISCUSSION 
, REFERENCES 



Induction of GVHD. Unlike humans, only a small number of 
T cells are present in murine bone marrow. According to our 
flow cytometric study, CD3 + T cells account for less than 1% 
of total bone marrow cells harvested from CBA mice. 

Therefore, transplantation of allogeneic bone marrow cells Z ™~r~^ 
Ine does not always result in clinically apparent GVHD in BALB/c recent mice. Add-on of 
appropriate numbers of spleen MNL to BMC before transplantation is necessary to induce 

1 Jly apparent GVHD. To determine the optimal numbers of spleen MNL that are requn^d 
or inducing clinically significant GVHD, wefirst studied how different numbers of spleen MNL 
mixed with 5 x 10* BMC affected the severity of GVHD. The results of our study indicate to 
moderate to severe GVHD can be induced by including 2.5 to 4 x 10* donor spleen MNL with 
5 x 10 6 BMC Transplantation of 1 x 10 6 or more spleen MNL was associated with hyperacute 
GVHD in which most recipient BALB/c mice died within 8 days after transplantation. Inclusion 
oflessthanl x 10 5 spleen MNL was associated with nil to mild GVHD. GVHD was judged by 
the presence of hair loss, skin changes, body weight loss, and stunted weight gain and scored 
according to the criteria described in Table I. 

GVHD after transplantation with bone marrow and spleen cells from tolerant do nors_ To 
de^mine whether^ GVHD can be prevented or attenuated by transplantation of c lis from CBA 
mice tolerant to MHC antigens of BALB/c mice, we studied how the addition of 4 x 10 or 

2 5 x 10 5 spleen MNL from naive or tolerant CBA mice to their respective bone marrow cells 
affected the transplantation associated GVHD in recipient BALB/c mice. All tranced 
BALB/c mice were followed weekly for changes in body weight and development of GVHD. As 
shown in Fig 1 and 2, recipient BALB/c mice transplanted with two different doses of naive 
control spleen cells and 5 x 10 6 BMC had poor body weight gain and moderate to severe 
GVHD. Most BALB/c mice transplanted with two different doses of tolerant spleen M^l ^and 

5 x io 6 BMC had better body weight recovery (Fig 1) and significantly reduced GVHD (Fig 2) 
when they were compared with recipients of naive control cells. 
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Engraftment and recovery of peripheral leukocytes. Two weeks after BMT, all H-2 recipient 
mice became completely engrafted with donor H-2 k+ leukocytes in peripheral blood as assessed 
by immunofluorescence flow cytometry. To determine whether there was any difference in the 
rate of engraftment, peripheral total and differential leukocyte counts were followed. Peripheral 
lymphocyte counts including T and B cells subsets were measured according to peripheral blood 
total and differential leukocyte counts and immunophenotyping results for T and B cells by flow 
cytometry. As shown in Fig 3, there was no significant difference in the initial recovery of 
peripheral leukocyte counts between BALB/c recipient mice transplanted with either naive or 
tolerant donor bone marrow and spleen cells. Nevertheless, lymphocyte recovery was faster 
especially in recipients of 4 x 10 5 tolerant spleen MNL (Fig 4, Experiment II). BALB/c mice 
transplanted with 5 x 10 6 BMC and 4 x 10 5 spleen MNL from tolerant donors also showed a 
faster and more complete recovery of T and B cells in the peripheral blood (Fig 5). In addition, 
it was noted that the recovery of CD8 + T cells was also faster after transplantation with bone 
marrow and spleen cells from tolerant donor mice (Fig 6). As shown inFig 6, the recovery of 
CD8 + T cells in general lagged behind CD4 + T cells in our murine bone marrow transplantation 
model. 
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&/rv/va/ o/ter fiMT. Because the initial results of our study (Fig 1) showed that transplantation 
of tolerant BMC and spleen MNL had a significant positive effect on overall survival, two 
additional bone marrow transplantation experiments using 5 x 10 6 BMC and 4 x 10 spleen 
MNL were conducted to confirm this finding. There were five mice in each experimental group. 
The survival data from these three separate experiments were pooled and analyzed. As shown in 
Fig 7, the overall long-term survival of mice transplanted with cells from tolerant donors was 
72% versus 17% (P =.018) for those transplanted with naive cells. 




iand4|x^o| spleen i^Lfrom naive (^ % pr|toierant (a} CBA 
Imce: The dlta pdolld flbm three slparate experiments * ~ ! > 

[In a new windowl wer*incW^^^ ,<n* ; ~.^. 



T-cell cytokine response after BMT. According to our recent study, 22 tolerance induction by 
transfusions with UVB-irradiated BALB/c leukocytes polarizes T cells of CBA mice to produce 
of type-2 cytokines during in vitro stimulation by BALB/c spleen cells. It was of interest to 
study the serum levels of y-IFN and IL-4 in BALB/c mice after transplantation with cells from 
tolerant CBA donors. In this study, three mice from each treatment group were randomly 
selected and sacrificed every other day until day 9 after BMT. Equal volumes of serum samples 
from three mice were pooled to obtain sufficient amounts of samples for assays of TL-4 and 
v-IFN. The results show that recipient mice transplanted with tolerant BMC and spleen MNL 
had lower peak serum levels of y-IFN and higher levels of IL-4 than those transplanted with cells 
from naive CBA donor mice after BMT, respectively (Fig 8). 
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T cells in allogeneic bone marrow are responsible for 
BMT-associated GVHD. 2 ^ Therefore, rendering donor T 
cells tolerant toward recipient MHC antigens offers an 
attractive approach to prevent or reduce GVHD. Our recent 
study showed that humoral immune tolerance to allogeneic 
MHC antigens can be induced without nonspecific immunosuppression by transfusions of 
UVB-irradiated leukocytes from H-2 disparate mice.^ It was therefore of interest to learn 
whether GVHD can be prevented by transplantation of bone marrow and spleen mononuclear 
cells from H-2 disparate donor mice that have been tolerized towards MHC antigens of BMT 
recipient mice. To answer this question, we conducted such a study. The results reported herem 
show that transplantation with bone marrow and spleen cells from tolerant CBA (H2 ) donor 
mice to BALB/c (H2 d ) recipient mice is associated with significant attenuation of GVHD, better 
long-term survival, faster reconstitution of peripheral lymphocytes, and Th2 cytokine response 
immediately after transplantation. Because cell-mediated immunity plays an important role in the 
pathogenesis of GVHD, these findings suggest that transfusions of UVB-irradiated leukocytes 
may induce cellular immune tolerance. This conclusion is further substantiated by our recent 
study of cytotoxic T-cell activity against H-2d + target cells in the CBA mice that had been 
tolerized by transfusions of UVB-irradiated BALB/c mononuclear leukocytes and subsequently 
challenged with two fully immunogenic doses of untreated BALB/c leukocytes (unpublished 
observation). 

In our study, two different doses of spleen MNL (2.5 x 10 5 and 4 x 10 5 ) were used to induce 
GVHD These two doses were selected for their ability to elicit significant degrees of acute 
GVHD without causing premature death so that the transplanted mice could be followed for an 
extended period of time. Among BALB/c recipient mice transplanted with cells from naive 
donor mice, we noted that recipient BALB/c mice transplanted with a lower number (2.5 x 10 ) 
spleen MNL had less severe and lasting GVHD (Fig 2). This finding confirms the quantitative 
importance of donor lymphocytes in eliciting GVHD as previously reported.-^ The results of 
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our study also showed that 1 month after BMT, peripheral leukocyte counts recovered to 
normal levels in most recipient mice regardless of whether donor cells were from naive or 
tolerant CBA mice. However, during the next 4 months peripheral leukocyte counts began to 
decline until GVHD largely resolved 150 days after BMT. In addition to GVHD, this decline of 
peripheral leukocyte counts was likely a result of delayed repopulation by more primitive 
long-term repopulating hematopoietic stem cells as observed in bone marrow transplant 
recipients ^ We also noted that recovery of peripheral T- and B-lymphocyte counts was 
faster in mice transplanted with bone marrow and spleen cells from the tolerized CBA donors 
(Fig 5) The cell counts and immunophenotyping results are consistent with the subjective 
clinical assessment of GVHD. All these findings support the beneficial effect of using cells from 
the tolerized donor mice for bone marrow transplantation across major MHC barrier. However, 
it is not known whether faster quantitative lymphoid reconstitution would translate to better 
immune function. Further studies in this regard are needed. 

According to cytokine production profile, two subsets of helper (Th) and cytotoxic (Tc) T 
cells have been identified.^ Secretion of v-IFN and tumor necrosis factor-P (TNF-P) defines 
type-1 Th cells (Thl), and secretion of IL-4, IL-5, and IL-10 defines type-2 Th cells (Th2). Thl 
cells are functionally involved in cell-mediated immunity, delayed-type hypersensitivity, 
production of IgG2a and IgG2b antibodies, and host defense to infection ofintracellular 
pathogens M Th2 cells are involved in production of IgGl and IgE antibodies, allergic 
conditions, and host defense to infection of extracellular pathogens.^ Th l and Th2 responses 
during host-immune response have been shown to be mutually inhibitory.- Thus, immune 
responses can be characterized by polarization toward Thl or Th2 response. 

Induction of tolerance by priming neonatal mice with allogeneic leukocytes has been ^ 
associated with increased production Th2 cytokines and reduced secretion of Thl cytokines - 
The finding indicates that tolerance induction leads the immune system towards an enhanced 
Th2 response.^ Our recent study of cytokine production in mixed leukocyte culture 
reactions using tolerized CBA spleen T lymphocytes as responder and BALB/c spleen 
leukocytes as stimulators showed an increase in IL4 and IL5 production (data not shown). In 
allogeneic BMT, donor lymphocytes with enhanced Th2 cytokine response have been associated 
with a much-reduced acute GVHD — For this reason, we measured serum IL-4 and i-WN levels 
after transplantation with bone marrow and spleen cells from tolerant or naive donor CBA mice. 
Our results showed an enhanced transient Th2 cytokine response in recipient mice transplanted 
with cells from tolerant donors. The results are consistent with our recent in vitro MIX finding 
and support the earlier reports that polarization of donor T cells to Th2 response is associated 
with reduced severity of acute GVHD.^ Nevertheless, we are unable to ascertain whether 
the observed differences in cytokine production were due to donor cells, recipient cells, or both. 
Although the polarized Th2 response in donors may contribute to protection of acute GVHD as 
suggested by various investigators,^ it is possible that donor Th2 cytokine response only 
reflects changes in the effector arm of the donor immune system and may not play a direct role 
in the prevention of GVHD associated with allogeneic BMT. The exact mechanism by which 
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Th2 polarization of the bone marrow donor immune system could attenuate acute GVHD 
remains to be further elucidated. 

In the present study, we found that acute GVHD can not be completely prevented by 
transplantation of bone marrow and spleen cells from tolerant CBA donors (Fig 2). This finding, 
is not unexpected. Our recent MLC study using T cells from tolerant CBA mice as responders 
and gamma-irradiated or mitomycin-treated spleen leukocytes fromBALB/c mice as stimulators 
indicated that T cells from tolerant CBA mice remain capable of producing type-1 T-cell 
cytokines such as y-IFN but at a reduced level— Because type-1 T-cell cytokines have been 
implicated in the pathogenesis of acute GVHD,— the reduced production of type-1 T-cell 
cytokines by T cells from tolerant donor mice might be responsible for the attenuated GVHD 
observed in our experiments. 

In view of the feasibility and the safety of transfusing patients with UVB -irradiated platelet 
concentrates,— the results of our study support the potential clinical application of 
UVB-irradiated leukocytes for tolerance induction in bone marrow donors to prevent GVHD. 
However, the safety and the ethical concerns of using leukocytes from patients with neoplastic 
diseases to induce tolerance in healthy bone marrow donors preclude such an approach. 
Nevertheless, tolerance induction in related bone marrow donors may be considered for patients 
who suffer from hereditary non-neoplastic hematological disorders, such as sickle cell anemia 
and thalassemia and who are not at risk of transmitting infectious diseases to their bone marrow 
donors. Another potential approach is to induce immune tolerance in patients using 
UVB-irradiated leukocytes from healthy bone marrow donors. The tolerized patients would 
then undergo bone marrow transplant using a nonmyeloablative conditioning regimen. Such an 
approach may allow the establishment of macro-mixed chimerism that is sufficient to ameliorate 
non-neoplastic hematological disorders without increasing the risk of graft rejection. At the 
same time, high-dose chemoradiotherapy related toxicity is avoided. Obviously, further animal 
studies are needed before the proposed approach can be applied to the clinical setting. 

The authors are grateful to Sandra Donahue for her excellent technical assistance. 
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Tolerance induction permits the development of graft-versus-host 
disease: donor-mediated attack following small bowel 
transplantation in mixed chimeras. 

Morrissey NJ, Blom D, Ryan CK, Fisher T, Bronsther O, Orloff MS. 

Department of Surgery, University of Rochester School of Medicine and Dentistry, 
New York 14642, USA. 

The induction of tolerance to organ allografts would eliminate acute and chronic 
rejection as well as the need for nonspecific immunosuppression. We have shown 
that tolerance induced through the creation of mixed allogeneic bone marrow 
chimeras allows for the long-term engraftment of cardiac and small bowel allografts 
across strong multiple major histocompatibility barriers. The possibility that 
tolerance might render the host susceptible to graft-versus-host disease (GVHD) 
has not been investigated in this or other models of tolerance. To test this possibility 
chimeras were created by transplantation of T-cell depleted ACI and Lewis bone 
marrow into lethally irradiated Lewis rats. Chimerism was determined post bone 
marrow transplant (BMTx) by flow cytometry of lymphocytes from reconstituted 
animals. ACI/Lew chimeras (ALC), Lewis/ACI Fl (LACF1), and Lewis (LEW) rats 
all received heterotopic ACI vascularized small bowel grafts. A second group of 
chimeras received small bowel grafts from ACI rats pretreated with low dose 
irradiation to eliminate T-cells from the graft. LEW->LEW small bowel isografts 
were also performed. Animals were examined for evidence of GVHD by clinical 
signs and histologic examination of biopsied tissues. GVHD was quantified using 
the popliteal lymph node enlargement assay. All LACF1 rats developed severe lethal 
GVHD following ACI small bowel transplant. Bone marrow chimeras, ALC (n = 6), 
developed fatal GVHD in a similar fashion after receiving a small bowel transplant. 
LEW->LEW isografts and chimeras receiving bowel from irradiated ACI rats 
survived long term without GVHD while ACI-->LEW allogeneic transplants all 
underwent acute rejection. GVHD or its absence was confirmed histologically. 
Popliteal lymph node enlargement indices reflected the presence of GVHD in the 
chimeras (1.87) and LACF1 (5.4) receiving allografts, but not in isografts or 
chimeras receiving irradiated allogeneic transplants. Analysis of cytokines in the 
tongues of rats undergoing GVHD showed elaboration of Thl type 
proinflammatory cytokines which was not seen in isografted rats or rats receiving 
preirradiated small bowel. These results demonstrate that tolerance induction 
through mixed chimerism results in susceptibility to small bowel induced GVHD. 
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Gao Q, Rouse TM, Kazmerzak K, Field EH. 

Department of Internal Medicine, University of Iowa College of Medicine, Iowa 
City 52242, USA. 

BACKGROUND: Injection of neonatal BALB/c mice with semi-allogeneic 
splenocytes leads to antigen-specific tolerance lasting into adulthood. Tolerant mice 
accept A/J skin grafts and fail to generate CD8 cytotoxic T lymphocyte (CTL) 
activity against A/J targets. Anergic CD8 T cells are present in tolerant mice, and 
CD4 regulatory cells function to maintain CD8 cell anergy. METHODS: Neonatal 
BALB/c mice were injected with 108 live CAF, splenocytes, and mice were deemed 
tolerant by accepting A/J grafts over 40 days. CD8 cell proliferation was measured 
by in vitro incorporation of bromodeoxyuridine coupled with fluorescence-activated 
cell sorter analysis. Alloantigen-specific cytotoxicity was tested using 51Cr release 
assays of A/J or third-party targets. RESULTS: We demonstrate that A/J-specific 
anergic CD8 cells are present in neonatal primed mice that develop tolerance but 
not in neonatal primed mice that reject A/J skin grafts. Anergic CD8 cells show 
decreased proliferation and no CTL activity against A/J targets. Addition of 
interleukin-2 (IL-2) to unfractionated cultures fails to restore CTL activity against 
A/J targets. However, addition of IL-2 to CD4-depleted cultures restores 
A/J-specific CD8 CTL activity. Removal of CD4+/CD25+ cells, but not 
CD4+/CD25- cells, also restores CD8 CTL activity against A/J in the presence, but 
not the absence, of IL-2. Moreover, when added back into cultures, purified 
CD4+/CD25+ cells from tolerant mice inhibit the generation of CD8 CTL against 
A/J targets. CONCLUSION: These data indicate that CD8 anergy is associated with 
the state of tolerance, and that CD4+CD25+ cells from tolerant mice function to 
maintain A/J-specific CD8 cell anergy in vitro. 
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CD4(+)CD25(+) immunoregulatory T Cells: new therapeutics for 
graft-versus-host disease. 

Cohen JL, Trenado A, Vasey D, Klatzmann D, Salomon BL. 

Laboratoire de Biologie et Therapeutique des Pathologies Immunitaires, Centre 
National de la Recherche Scientifique UMR 7087, Hopital Pitie-Salpetriere, 75665 1 
Paris, France. 

CD4(+)CD25(+) immunoregulatory T cells play a pivotal role in preventing 
organ-specific autoimmune diseases and in tolerance induction to allogeneic organ 
transplants. We investigated whether these cells could also control graft-versus-host 
disease (GVHD), the main complication after allogeneic hematopoietic stem cell 
transplantation (HSCT). Here, we show that the few CD4(+)CD25(+) T cells 
naturally present in the transplant regulate GVHD because their removal from the 
graft dramatically accelerates this disease. Furthermore, the addition of freshly 
isolated CD4(+)CD25(+) T cells at time of grafting significantly delays or even 
prevents GVHD. Ex vivo-expanded CD4(+)CD25(+) regulatory T cells obtained 
after stimulation by allogeneic recipient-type antigen-presenting cells can also 
modulate GVHD. Thus, CD4(+)CD25(+) regulatory T cells represent a new 
therapeutic tool for controlling GVHD in allogeneic HSCT. More generally, these 
results outline the tremendous potential of regulatory T cells as therapeutics. 
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Thornton AM, Shevach EM. 

Laboratory of Immunology, National Institute of Allergy and Infectious Diseases, 
National Institutes of Health, Bethesda, Maryland 20892, USA. 

Peripheral tolerance may be maintained by a population of regulatory/suppressor T 
cells that prevent the activation of autoreactive T cells recognizing tissue-specific 
antigens. We have previously shown that CD4+CD25+ T cells represent a unique 
population of suppressor T cells that can prevent both the initiation of 
organ-specific autoimmune disease after day 3 thymectomy and the effector function 
of cloned autoantigen-specific CD4+ T cells. To analyze the mechanism of action of 
these cells, we established an in vitro model system that mimics the function of these 
cells in vivo. Purified CD4+CD25+ cells failed to proliferate after stimulation with 
interleukin (IL)-2 alone or stimulation through the T cell receptor (TCR). When 
cocultured with CD4+CD25- cells, the CD4+CD25+ cells markedly suppressed 
proliferation by specifically inhibiting the production of IL-2. The inhibition was not 
cytokine mediated, was dependent on cell contact between the regulatory cells and 
the responders, and required activation of the suppressors via the TCR. Inhibition 
could be overcome by the addition to the cultures of IL-2 or anti-CD28, suggesting 
that the CD4+CD25+ cells may function by blocking the delivery of a costimulatory 
signal. Induction of CD25 expression on CD25- T cells in vitro or in vivo did not 
result in the generation of suppressor activity. Collectively, these data support the 
concept that the CD4+CD25+ T cells in normal mice may represent a distinct 
lineage of "professional" suppressor cells. 
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Goss JA, Nakafusa Y, Yu S, Flye MW. 

Department of Surgery, Washington University School of Medicine, St. Louis, 
PubMed Missouri 63 1 10. 

Services 

The induction of donor-specific tolerance would eliminate the risk of long-term 
immunosuppression while ensuring allograft function and survival. Male Buffalo 
(RTlb) rats were exposed to donor alloantigen by an intrathymic, intrasplenic, s.c, 
or i.v. injection of 25 x 10(6) syngeneic Buffalo (RTlb) or MHC fully mismatched 
Lewis (RT11), ACI (RTla), or UV-B irradiated Lewis (RT11) splenocytes. The 
Buffalo recipients were given 1 cc of rabbit antirat antilymphocyte serum (ALS) i.p. 
at the time of the donor antigen injection, and 21 days later received a heterotopic 
Lewis or ACI heart transplant. Only intrathymic alloantigen injection induced a 
donor-specific tolerance which allowed the cardiac allograft to survive indefinitely 
Related ( mea n survival time [MST] > 176.8 days) in > 86% of the recipients without the 

Resources need for fo rt her immunosuppression, whereas groups receiving antigen injections at 

other sites rejected cardiac allografts in control time (MST approximately 7.0 days). 
Histologic examination of long-term tolerated Lewis cardiac allografts revealed the 
presence of healthy cardiac myocytes without mononuclear infiltration. Buffalo rats 
with a long-term surviving Lewis cardiac allograft did not reject a second Lewis 
cardiac allograft (MST > 100.0 days), but rejected a heterotopic ACI cardiac 
allograft in normal time (MST approximately 7.0 days). By limiting dilution analysis 
(LDA), maturation of donor-specific CTLs (pCTL) from long-term recipient 
splenocytes was markedly diminished, whereas third party pCTL was not altered, 
and T helper-precursors were moderately decreased without alteration in the 
peripheral CD4+ and CD8+ phenotype frequencies. MLC responses of recipients 
with long-term surviving cardiac allografts to donor-specific and third party 
stimulation were not significantly different from naive controls. Microchimerism is 
unlikely because Lewis allograft survival was also prolonged (MST > 96.0 days) in 
rats receiving UV-B irradiated Lewis splenocytes which cannot proliferate. The 
absence of increased allograft survival after transfer of long-term recipient 
splenocytes into naive animals suggests that donor-specific suppressor cells are not 
present. Additionally, in vitro lymphocyte proliferative responses to mitogenic or 
allogeneic stimulation in MLC was not diminished by the addition of these 
long-term recipient splenocytes. This model emphasizes the importance of exposure 
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of T cell precursors to foreign donor alloantigen in the thymic environment for the 
development of unresponsiveness to a donor-specific vascularized allograft. 
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Anergic T cells act as suppressor cells in vitro and in vivo. 

Chai JG, Bartok I, Chandler P, Vendetti S, Antoniou A, Dyson J, Lechler R. 

Department of Immunology, Imperial College School of Medicine, London, GB. 

The potential suppressive effects of allospecific anergic T cells were investigated 
both in vitro and in vivo. Allospecific T cells were rendered unresponsive in vitro 
using immobilized anti-CD3 mAb. These anergic T cells profoundly inhibited 
proliferation of responsive T cells in an antigen-specific manner. The observed 
inhibition did not appear to be due to the release of inhibitory cytokines in that 
secretion of EL-2, EFN-gamma, IL-4, IL-10 and TGF-beta was greatly reduced 
following the induction of anergy, and neutralizing mAb specific for IL-4, IL-10 and 
TGF-beta failed to reverse the inhibition. Furthermore, the suppression mediated by 
anergic T cells required cell to cell contact. In vivo, adoptive transfer of anergic T 
cells into recipients of allogeneic skin grafts led to prolonged skin graft survival. 
Consistent with the lack of inhibitory cytokine production by the anergic cells, 
prolongation of skin allograft rejection was not influenced by the simultaneous 
administration of a neutralizing anti-IL-4 antibody. These results indicate that 
anergic T cells can function as antigen-specific suppressor cells both in vitro and in 
vivo. 
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